1. Cell-free lysates of human peripheral blood lymphocytes contained two casein kinase activities and two histone kinase activities, which could be separated by chromatography on DEAE-Sephadex. 2. Neither of the casein kinase activities were stimulated by cyclic AMP. The major activity was eluted from DEAE-Sephadex between 0.4 and 0.45M-KCI, had a molecular weight of approx. 130000 (sucrose density gradients) and was stimulated by KCI (maximum 150mM). It also formed higher-molecular-weight aggregates when centrifuged in sucrose gradients containing 150mm-KCI. The minor activity was not retained by DEAE-Sephadex, had a molecular weight of approx. 50000 and was not stimulated by KCI. 3. The major histone kinase activity was stimulated by cyclic AMP and was eluted from the DEAE-Sephadex column between 0.05 and 0.2M-KCI. The other activity was not stimulated by cyclic AMP and was insensitive to the rabbit muscle protein kinase inhibitor. 4. Evidence was obtained suggesting that the lymphocyte casein kinases were located primarily in the nuclei.
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Phosphorylation of non-histone chromosomal proteins has been implicated in the regulation of gene expression in eukaryotes (for references see Stein et al., 1974) . For example, gene activation after the interaction of lymphocytes with phytohaemagglutinin is correlated with an increase in the phosphorylation of nuclear acidic proteins (Kleinsmith et al., 1966) . As part of a study on the role of protein phosphorylations in lymphocyte activation, we are attempting to characterize the protein kinases present in these cells. Extracts of human peripheral blood lymphocytes have previously been shown to catalyse the phosphorylation of both histone and casein (Murray et al., 1972) . Only the phosphorylation of histone was stimulated by cyclic AMP. A description of the fractionation and further characterization of the lymphocyte enzymes responsible for the phosphorylation of these exogenous substrates is presented in this paper.
Materials and Methods
Substrates and activators [y-32P]ATP was prepared as described by Glynn & Chappell (1964) . Dephosphorylated casein was prepared by the method of Reimann et al. (1971) and dialysed against 0.2M-KCI and then against 10mM-Hepes [2-(N-2-hydroxyethylpiperazin-N'-yl)-ethanesulphonic acid] buffer, pH7.5. Unlabelled Lymphocytes were isolated from human peripheral blood (430ml) collected into plastic blood packs containing disodium citrate (2g) and dextrose (1.7g) in 70ml of water. All blood donors were Australia-antigen-negative.
The blood was defibrinated by adding iso-osmotic (0.11 M) CaCI2 (100ml) and stirring with a glass rod at 27°C. As the fibrin clot formed it was wound around the glass rod. The bulk of the erythrocytes were removed through sedimentation by adding 150ml of 6% (w/v) dextran in 0.154M-NaCl and incubating at 37°C for 1-2h in a plastic measuring cylinder. (Wilson & Nossal, 1971) and B lymphocytes selectively adhere to cottonwool (Raff, 1973 ) the isolated lymphocyte fraction is expected to consist mainly of T lymphocytes.
tPreparation Of lymphocyte extracts Purified lymphocytes were lysed by hypo-osmotic shock in 10mM-Hepes-7mM-2-mercaptoethanol, pH7.4 (100 x lO6cells/ml of extraction buffer), and homogenized briefly by hand in a close-fitting glass Dounce homogenizer. The homogenate was 'dialysed at 40C against the extraction buffer, and centrifuged at 25OOCg f6r 30nmin. The supeematant was stored at -150C anid the pellet discarded. Protein was determined by the method of Lowry et al. (1951) with bovine smrum albumin (Cohn fraction V) as standard.
Sucrose-density-gradient centrifugation Liiear sucrose gradients (5-20%, w/v; 4.8 (Kemp et at., 1973) Assays were terminated by addiAg 50pl of 100mM-EPTA containing bovine serum albumin (50mg/ml, p1+7.4). Samples (lOO1l0) were dried on paper discs which had been pretreated with 50jul of lOmM-ATP, and the discs washed as described by Murray et al.
(1972).
Characterization of the phosphorylated product formed with histone as a substrate has been reported (Murray et al., 1972) . The phosphorylated product obtained when casein was used as a substrate with crude lIymphocyte extract in assays with or without added l5Omm-KCI was alkali-labile (87 -and 78% respectively; 0.1 M-NaO:I, 100'C, 20mfiin) and stable in acid (94 and 100% 0 respectively-0.1 M-HC4, l'O0C, 20min). After partial acid hydrolysis (2M-1KI, 100°C, 4h) and electrophoresis ofl paper (4h, 40V/ cm) in formic acid-acetate acid-water (i:4: 45, by vol.), radioactivity was associated with the serirre phosphate marker and the 'threonine phosphate marker. In the absence of added TCJ, S % of'the radioactivity was unhydrolysed, 4% was associated with threonine phosphate, 16y% with -serine phosphate, 8% with di-and tri-serine phosphates (`Ser-P)2, 
Protein kinase inhibitor
The heat-stable inhibitor ofcyclic AMIP-dependent protein kinases was prepared from rabbit muscle by the method of Walsh et dl. (1971) . The supernatant containing the 'inhibitor was further dialysed against 5m-Hepes-I'mM-BDTA, -pH 7.3. The activity of the 'inhibitor -was characterized by using the cyclic AMP-dependent protein -kinase from rabbit mmuscle (Walsh et al., '1968r .1975
Subcellular fractionation oflymphocytes
The first fractionation procedure used was based on that described by Fisher & Mueller (1971) . The lymphocyte pellet was suspended in 50mM-MgC12 (approx. SOx lO6cells/ml) for 2min (2°C). The suspension was centrifuged at 300g for 5min, and the cell pellet resuspended in 50mm-Tris-HCl5mM-MgCI2, pH7.4 (approx. lOOx 106cells/ml).
The supernatant of the 5mM-MgCl2 wash was retained. The cells were disrupted with 150 strokes of a tight-fitting Dounce-type homogenizer. The whole homogenate was centrifuged at 300g for 5min. The particulate fraction was resuspended in 1 ml of0.44M-sucrose-5mM-MgCI2 and layered over a discontinuous sucrose gradient of 2ml of 1.6M-sucrose5mM-MgCI2 and 2ml of 0.88M-sucrose-5mM-MgC92. Nuclei were pelleted by centrifugation at 1000OOg for 60min. A 'membrane' fraction was obtained by combining the 0-0.88M-sucrose and the 0.88-1.6M-sucrose layers together with the pellet obtained by centrifuging the 300g supernatant at lOOOOOg for 60min.
Lymphocytes were also fractionated by a method based on the procedure of Chauveau et al. (1956) for preparing rat liver nuclei. Freshly purified lymphocytes were suspended in 2.2M-sucrose-20mM-Hepes6mM-2-mercaptoethanol-5mM-MgCI2, pH7.3, and homogenized by 12 strokes in a power-driven glass/ Teflon homogenizer. The homogenate was centrifuged at 62000g for 30min to give a nuclear pellet; the supernatant fraction was diluted to 1.1 M-sucrose with 20m-Hepes-6mM-2-mercaptoethanol-5mM-MgCl2 and re-centrifuged at 77000g for 45min.
The nuclear pellet fraction was resuspended in 0.44M-sucrose-20mM-Hepes-6mm-2-mercaptoethanol-5mM-MgCI2, pH7.3, layered over 2.2M-sucrose in the same buffer and centrifuged at 77000g for 45min. The supernatant from this centrifugation is referred to as the 'nuclear wash' fraction. A 'membrane' fraction was obtained by combining the pellet obtained from centrifuging the 1.1M-sucrose supernatant (see above) and the fraction obtained from the 0.44M/2.2M-sucroSe interphase. The combined fractions were diluted with 1 volume of 10mM-Hepes-0.5mM-EDTA-0.5mM-EGTA (ethanedioxybis(ethylamine)tetra-acetate], pH7.3, centrifuged at 77000g for 45min and the pellet was collected.
All subcellular fractions were dialysed against 10nM-Hepes-0.5mm-EDTA-0.5mM-EGTA, pH 7.3, overnight before assay of protein kinase activities.
Results
Fractionation of casein kinase and histone kinase by ion-exchange chromatography Protein kinases in the lymphocyte extract could be separated into four main classes by chromatoVol. 145 graphy on DEAE-Sephadex- (Fig. 1) . A portion of the casein kinase activity (fraction CK2) did not bind to DEAE-Sephadex, and was eluted as a bimodal peak. This activity was eluted as a single peak if 100mM-KCI was added to the equilibration buffer. The major casein kinase activity (fraction CK1) was eluted from the column at a KCI concentration of approx. 0.4M (Fig. 1 ). The activities of neither peak CK1 nor peak CK2 were stimulated by the inclusion of cyclic AMP (2pUM) in the assays. Two distinct peaks of histone kinase activity were also eluted from the column (HK1 and HK2; see Fig. 1 ). The fractions containing histone kinase activity were reassayed in the presence and absence of cyclic AMP (Fig. 2) . Activity in peak HK1 was clearly stimulated by cyclic AMP, whereas that in peak HK2 was poorly stimulated. The slight stimulation of peak HK2 activity by cyclic AMP is attributed to overlap of the two peaks and the relatively high activity of peak HK1 in the absence of cyclic AMP to the dissociation of catalytic and regulatory subunits. Histone kinase peak HK1 was inhibited 90% by the inclusion of 32.5,ug of the heatstable protein inhibitor in the assays; peak HK2 activity was inhibited only by 30%. The heat-stable protein inhibitor has been shown to inactivate the dissociated catalytic subunit of cyclic AMP-dependent protein kinases (Walsh & Ashby, 1973 The column (0.9cmx 25cm) was equilibrated with 50mM-Tris-HCl buffer (pH7.9). Extract (9.12mg of protein) was loaded on the column and eluted with the equilibration buffer. At fraction 43 a gradient of KCI in the same buffer was started. The column was eluted at a constant rate of 6ml/h and 1.5ml fractions were collected. All fractions were assayed for histone kinase in the presence of 2Mp-cyclic AMP (o) and casein kinase in the absence of added KCI (A). The salt gradient was monitored by using a refractometer with refractive-index determinations on every fifth fraction as indicated by the broken line.
[y-32P]ATP concentration was 89.8AM and the phosvitin concentration was 3.5mg/ml in the assay. In the absence of added KCI, fractions CK, and CK2 phosphorylated phosvitin at 88% and 414% of the rate obtained with casein. Phosphorylation of phosvitin by fraction CK2 was inhibited by 80% by 150mM-KCI, whereas phosphorylation of phosvitin by fraction CK1 was stimulated by 54% by 150mM-KCI. The corresponding inhibition by KCI of fraction CK2 and the stimulation by KCI of fraction CK1 when casein was used as substrate were 31 % and 125 % respectively.
Stimulation of casein kinases by KCG
It has previously been shown that lymphocyte histone kinase activity is inhibited by KCI (Murray etal., 1972) . The effect ofKCl on casein kinase activity in crude lymphocyte extracts and on fractions CK1 and CK2 is shown in Fig. 3 Fractionation of lymphocyte protein kinases by sucrose-density-gradient centrifugation The sedimentation pattern of casein kinase activity in sucrose density gradients, both in crude extracts and in partially purified fractions, was markedly affected by KCI. When crude extract was sedimented in the presence of 600mM-KCI two peaks of activity were observed (see Fig. 4a ; approx. molecular weights 130000 and 50000). After dialysis, inclusion of 150mM-KCI in assays stimulated the activity of the larger-molecular-weight species by 200% and that of the smaller species by only 18 %. Figs. 4(b) and 4(c) establish that the higher-molecular-weight activity corresponds to fraction CK1 obtained from a DEAESephadex column, and the lower-molecular-weight species to fraction CK2.
The inclusion of 150mM-KCl in gradients caused the aggregation of casein kinase activity (Fig. 5 ). This effect was observed both with crude extracts and with fraction CK, from a DEAE-Sephadex column. The position ofhistone kinase activity is also indicated in Fig. 5(b) ; the sedimentation of this activity was unaffected by KCI.
Subcellular distribution of lymphocyte protein kinases
The distribution of casein and histone kinase activities after fractionation by the method of Fisher & Mueller (1971) is shown in Table 2 . The initial hypo-osmotic shock in 5mM-MgCI2 appeared to cause the lysis ofa number ofcells, since about 10% of DNA and 22 % of the total protein was present in the Mg2+ wash fraction. Also, considerable amounts of both casein kinase and histone kinase were released by the hypo-osmotic shock.
The distribution obtained by homogenization in hyperosmotic sucrose by the method of Chauveau et al. (1956) is also summarized in Table 2 . A high proportion of both casein kinase and histone kinase activities was located in the nuclear plus nuclear wash fractions. The data suggest that histone kinase activity might be more readily leached from the nuclei than casein kinase activity. With this fractionation procedure more than 60% of the 5'-nucleotidase activity was associated with the nuclear fraction (results not shown), suggesting that plasma-membrane fragments were largely sedimented with the nuclei. This result is consistent with the results of Burgoyne (1972) who reported that Ehrlich ascites-tumour-cell nuclei prepared in the presence of high-viscosity Ficoll solutions retained the cell membrane. However, the data obtained using the method of Fisher & Mueller (1971) preclude the plasma membrane as a major (quantitative) source of casein kinase or histone kinase activity. The fractions containing histone kinase activity from the DEAE-Sephadex column described in Fig. 1 were reassayed in the presence (o) and absence (0) ofcyclic AMP (2PM). The column fractions were stored at -15°C before assay for histone kinase activity. All other details were as described in the legend to Fig. 1 vented the direct assessment of the relative contributions of all subcellular fractions. Although the membrane fraction reported in Table 2 would be expected to be contaminated with mitochondria, this fraction contains such a small proportion of the total histone kinase activity that the contribution of the mitochondria is likely to be small.
After centrifugation of a crude lymphocyte extract at 1OOOO0g for 60min about 80 and 90% of -the casein kinase and histone kinase activity (assayed in the presence of 150mM-KCl and 2puM-cyclic AMP respectively) remained in the supernatant. Consequently it is unlikely that major amounts of these activities are associated with the ribosomes. It is not possible from the results reported here to determine the localization of the different classes of histone kinase and casein kinase.
With the normal reservations associated with cellfractionation studies, the present data suggest that a large proportion ofthe casein kinase activity is located in the lymphocyte nuclei.
Discussion
The two histone kinases described in this paper (HK 1 and HK2) appear to be similar to those obtained from hypo-osmotic extracts of human tonsillar lymphocytes (Farago et al., 1973 ). An additional histone kinase was reported in tonsillar lymphocyte nuclei, which did not bind to DEAE-cellulose (Desjardins et al., 1972; Rabinowitz & Lipmann, 1960; Rodnight & Lavin, 1964; Traugh & Traut, 1974) , but neither the molecular basis nor the physiological significance of this effect is known. The sucrose-density-gradient studies indicate that maximum activity of fraction CK1 occurs at a KCI concentration that causes the enzyme to aggregate (150mm). There is, however, no direct evidence to suggest that these two effects are causally related. Vol. 145
It is interesting that the phosphorylation of endogenous proteins by rat liver nucleoli protein kinases is maximally stimulated by 150mM-KCI (Grummt, 1974) .
Although the endogenous substrates of fractions CK1 and CK2 are not known, the apparent preference of these enzymes for acidic protein substrates makes them possible candidates for the kinases responsible for phosphorylation of nuclear acidic proteins (Desjardins et al., 1972 Table 2 . Subcellular distribution ofcasein kinase and histone kinase activity in human lymphocytes Protein kinase assays were carried out as described in the Materials and Methods section. Histone kinase was assayed in the presence of 2AM-cyclic AMP, and casein kinase activity in the presence of l50mM-KCI. 5'-Nucleotidase and alkaline phosphatase were assayed as described by Fisher & Mueller (1971 Traugh & Traut (1974) . cyte enzyme has a lower s0.5 value for ATP and a lower sedimentation coefficient in sucrose gradients carried out in the absence of added salt. Desjardins et al. (1972) have equated their rat nuclear casein kinases (NI and NII) with the chromatin-associated kinases described by Takeda et al. (1971; A2 and A1 respectively) and by Ruddon & Anderson (1972; IV and I respectively) . The second lymphocyte casein kinase (CK2) can be distinguished from the rat liver nuclear kinase NI because it is not stimulated by KCI. There is, however, insufficient information available to determine the degree of similarity of kinase CK2 with the phosvitin kinase from rat liver cytosol (Baggio & Moret, 1971) .
The properties of the four lymphocyte protein kinases are summarized in Table 3 . They have been classified according to the scheme of Traugh & Traut (1974) in which type I, type II and type III refer to cyclic AMP-dependent enzyme (RC), free catalytic subunit (C) and other protein kinases respectively.
